Use of water for leisure activities has long been prevalent in human societies, especially where the climate is favorable. Water resources with appealing conditions for primary contact recreational activities include rivers, waterfall plunge pools, dams and lakes, as well as sea coasts. Recreational use has specific demands for water quality, particularly as regards risks to human health such as exposure to pathogenic organisms, toxic substances, and submerged hazards. In Brazil, there is insufficient monitoring of bathing water conditions and currently used methodology has some limitations particularly the lack of guidance on interpretation of variables other than faecal bacterial indicators. The objectives of this study were: (1) to establish variables contributing to assessment of freshwater bathing conditions in Brazil; (2) to develop an integrated index of suitability-for-use for bathing in Brazil; and (3) to improve the methodology for assessing bathing water quality in Brazil. Based on a metadata analysis and consultation with Brazilian water professionals, a water quality index was developed incorporating the variables: Escherichia coli, cyanobacterial density, turbidity (visual clarity) and pH. This index should advance the management of recreational waters in Brazil, by improving the evaluation of freshwater bathing conditions and protecting the health of frequent users.
INTRODUCTION
The use of water resources for recreation is very common in Brazil and seems to be increasing, apparently driven by the demand for activities in contact with the natural environment as an 'antidote' to modern urban life. However, despite the prevalence of water-based recreation, there have been few studies and monitoring programs in Brazil to assess conditions for bathing, especially in freshwaters which are frequently contaminated by farmland runoff, domestic and industrial wastewater and stormwater (Lopes et al. ) .
Contact recreation in faecally contaminated waters may expose the users to some diseases, especially the elderly and children, and immune-compromised people. Children are often the highest risk group because they have more frequent contact with water compared to other age groups, and during their activities there is a comparatively high likelihood of incidental water ingestion (Pond ) . Although microbial pathogens are often the main concern for recreational users, other attributes of water may also constrain suitability-for-use for bathing, including potentially toxic cyanobacteria, restricted water clarity that reduces aesthetic quality and masks submerged hazards, and highly acid or basic conditions outside the range of tolerance of the human eye. Furthermore, trash littering the banks and bed of a water body is both aesthetically repulsive and, in the cases of broken glass or steel fragments, may also present a submerged hazard particularly in areas of restricted water clarity.
One of the main challenges facing environmental managers is the conversion of complex environmental data into information that is understandable and accessible to non-technical audiences. Several disciplines, including air quality, water quality and economics have developed indexes that aim to convert data into concise and understandable information (e.g., Smith ) . The use of water quality indices has grown over recent years in an attempt to convey information about the condition of water bodies to non-specialists and the public. However, many of the published indices have various limitations, notably the loss of information during the aggregation process and the 'swamping' of one (unfavourable) variable by others indicating fair to good suitability-for-use (e.g., Nagels et al. ) .
A water quality index based on the minimum operator, as proposed by Smith (), seeks to reduce or eliminate such limitations, and allows the inclusion or omission of variables, with less likelihood of interference in the overall result of the index. A minimum operator index takes the overall water quality index value to be the minimum suitability-for-use among contributing variables or attributes, on the basis that one variable will be most severely limiting of suitability-for-use. The minimum operator is superior to those indexes based on aggregation of data, particularly in that it avoids difficult decisions around the relative importance (and hence 'weighting') of different variables.
This work has the main goal of developing a methodology for assessing the suitability of conditions for bathing in fresh water in Brazil, and improving the methods currently used for assessment (established by the Brazilian National Environmental Council; CONAMA ), based only on microbial water quality (Hirai & Porto ) . Our motivations in this research include the apparently poor quality of some Brazilian freshwaters that are nevertheless heavily used for bathing and the (implied) limitations of current Brazilian legislation and regulation, plus the dearth of recent research globally on bathing water quality. An integrated index of water quality, termed ICB, Index of Conditions for Bathing, is proposed and its practicality considered for informing recreational users of freshwaters in Brazil.
METHOD
We used the Delphi ('dispute resolution') technique with a panel of water quality experts to choose appropriate water quality variables for assessment of suitability of freshwaters for primary contact recreation in Brazil. The Delphi method refers to a research methodology that aims to obtain information by consulting experts in a way that minimizes subjectivity (Linstone & Turoff ) . We consulted 18 Brazilian experts in the areas of water quality, sanitation and public health, working in universities, environmental agencies and sanitation companies. These professionals were selected through the Lattes Platform from the Brazilian National Council for Scientific and Technological Development (CNPQ ).
We asked the panellists to evaluate 43 variables, selected by metadata analysis of Brazilian standards for water quality assessment, for their influence on contact recreation in Brazilian freshwaters. The technique was applied in two rounds, using electronic questionnaires. In both rounds the participants could suggest the inclusion of other variables and, in the second questionnaire, participants were asked to select the most relevant variables for the composition of the index.
For the selection of the variables that should be included in the index, various factors were considered such as the outcome of the expert panel, relevant literature, notably the epidemiological evidence, and feasibility of implementation -which considered duration and costs of analyses, and general availability of suitable laboratory services.
The suitability-for-use curves used in this work to interpret water quality variables, were guided by epidemiological studies, international guidelines, and specific legislation, when available. We considered that this approach might be more appropriate than use of a Delphi panel to determine suitability curves. In cases where a Brazilian standard applies, the standard was adopted as the reference suitability-for-use value of 50%, corresponding to the lower limit of 'suitable' water quality (where 100% represents 'perfect' suitabilityfor-use and 0% represents the worst conceivable water quality). A metadata analysis of international guidelines and standards (and underpinning research) in water quality, pro- Thus, the representation of variation between different classes is a useful management tool to check for trends and to facilitate comparisons between water bodies.
The equations describing the suitability-for-use curves (q) allow the calculation of suitability-for-use for each index variable and subsequent classification into quality classes. We extended the (CONAMA ), classification of Brazilian recreational waters, based on Escherichia coli and faecal coliforms, into four classes: 'Excellent', 'Very good', 'Suitable' and 'Unsuitable'. We also added a fifth 'Very bad' class, to account for the possibility of high levels of contamination, or other very poor conditions that would justify posting warning signage and demand action by managers in order to return water towards suitability for recreation. These water quality descriptors are presented in Table 1 , together with an 'intuitive' colour signalling system (discussed below).
RESULTS
Water quality variables and suitability-for-use curves It is noteworthy that the panellists were consulted only about which variables were most relevant and should be integrated into a water quality index for Brazilian recreational freshwaters. The suitability-for-use (q) curves were prepared by the authors, guided by epidemiological studies, international guidelines, and specific Brazilian legislation. The selected variables contributing to the bathing suitability index and their rationale are presented in Table 2 , and the variables, and their suitability-for-use curves, are considered separately below and compared with curves developed for the same or comparable variables in a recreational water quality index for New Zealand (Nagels et al. ). According to CONAMA (), freshwaters are considered unsuitable when E. coli is greater than 800 cfu/ 100 mL, in any sample, due to the risk of disease incidence, particularly gastroenteritis. So the Suitable/Unsuitable (q ¼ 50%) boundary was placed at 800 cfu/100 mL. This threshold of suitability may be compared to the (slightly less restrictive) limit of 900 cfu/mL E. coli adopted by
European Directive 07 (EU ).
The incidence of gastrointestinal diseases is significantly higher in swimmers who have contact with contaminated water over 2,300 cfu/100 mL (Stevenson ) and 2,700 cfu/100 mL coliforms (Krishnaswami ). However, Zmirou et al. () found no evidence of a threshold faecal contamination level below which there was no risk of gastrointestinal infection to bathers. In this work, 2,000 cfu/ 100 mL was adopted as the threshold for the 'Very bad' class, considering that this value is already used by CONAMA (), as a standard for unsuitable conditions.
So the Unsuitable/Very bad boundary (q ¼ 25%) was placed at 2,000 cfu/100 mL ( Figure 1 ).
The suitability-for-use curve proposed here is appreciably more 'lenient' than that proposed by Nagels et al. () (Figure 1 ). This recognises the reality of widespread faecal contamination of rivers in Brazil due to un-sewered human populations as well as livestock sources, which demands a 'relaxation' of water quality interpretation compared to 'developed' countries such as New Zealand. This amounts to accepting a greater risk of infection to bathers in Brazil.
Cyanobacteria density
The Delphi panel recognised the need to include a variable indicating possible contamination by cyanotoxins, with consequent health risks arising from cyanobacterial blooms in tropical and subtropical freshwater environments. Therefore, cyanobacteria density was the second indicator recommended by the experts surveyed, with 92% voting for inclusion.
Despite the lack of conclusive epidemiological evidence about risks associated with recreational contact in waters Besides the potential health risks, algal blooms can become aesthetically repulsive to recreational users contacting surface scums, and there is also the possibility of unpleasant odors. Indeed, the taste and odor of the water might potentially provide a warning of the possible occurrence of cyanobacteria. However, it is important to emphasize that the absence of taste and odor does not imply the absence of cyanobacteria and hence (potential) cyanotoxins (Chorus & Bartram ) .
The cyanobacteria density value proposed for the Excellent/Very good class boundary was adopted from the guidelines in New Zealand, which sets the value of 500 cell/mL as the limit for the best quality class in its classification system (NZMFE ) (Figure 2 ).
The 5,000 cell/mL value, stipulated for the Very good/ Suitable class boundary (Figure 2) , derives from the epidemiological study of Pilotto et al. () , who found that swimmers exposed to concentrations exceeding this value had an incidence of symptoms significantly higher than unexposed users.
According to the Brazilian Health Foundation, cyanobacterial counts between 10,000 and 20,000 cell/mL indicate the beginning of a cyanobacteria bloom.
Cyanobacteria blooms with densities between 20,000 to 100,000 cell/mL confirm the water quality degradation, while values above 100,000 cells/mL indicate high risk to users, especially by potentially toxic genera (FUNASA ).
Guidelines for recreational waters in Australia and
Canada recommend a limit of 20,000 cells/mL and 100,000 cells/mL, respectively, for contact recreation. However, Pilotto et al. () question the adoption of the (lower) limit of 20,000 cells/mL, considering it insufficient to protect bather health.
In Brazil, CONAMA () establishes the standard of 20,000 cells/mL for density of cyanobacteria in water bodies used for contact recreation, so the Unsuitable/Very bad boundary was set at 20,000 cells/mL (Figure 2 ). Moreover, COPAM/CERH (), which establishes standards for the classification of water quality in the Brazilian state of Minas Gerais, specified the value of 10,000 cells/mL as the threshold for contact recreation, which, as a precaution, was taken as the limit of suitability for the index developed here (i.e. the Suitable/Unsuitable boundary was set at 10,000 cells/mL; Figure 2 ).
Visual clarity (turbidity)
Among several variables associated with visual aesthetic aspects of water quality (particularly colour and visual clarity measures), turbidity was the most commonly recommended (67%) by the experts consulted in the Delphi panel. The limits promulgated by CONAMA () (6 pH ! 9) were adopted to 'anchor' the suitability-for-use curve (i.e., the Suitable/Unsuitable boundaries were set at pH 6 and pH 9 in Figure 4 ). The optimum value (q ¼ 100) for contact Table 3 shows the results of the index for the monitoring site BV013 on the Rio das Velhas, upstream of the Itabirito River, on one occasion.
Rio das Velhas is an important water body for Minas
Gerais state, and in response to high levels of contamination, a government program for rehabilitation of water quality has been developed, with the aim of achieving suitability for fishing and contact recreation by 2014. The water sample considered in Table 3 was classified by the ICB as 'Very bad' quality for bathing owing to faecal pollution and low visual clarity (indicated by high turbidity) probably reflecting increased runoff during the rainy season.
The minimum operator formulation allows the calculation of the index even with the absence or loss of data for some variables, owing to problems in sampling or analysis for example. However, the possibility should be acknowledged that missing data may be for the variable that would be most limiting, had it been measured. Conventionally formulated indexes (aggregating data) cannot be calculated if any data are missing. Table 3 
GENERAL DISCUSSION
In this paper, we have presented a simple indexing system for contact recreational water quality in Brazilian freshwaters, based on faecal pollution (indicated by E. coli), possibility of cyanotoxins (indicated by cyanobacterial cell counts), visual clarity (indicated by turbidity) and pH.
The overall suitability-for-use of the water for contact recreation is taken as the minimum suitability-for-use among these four variables, and is classified from 'Excellent' to 'Very bad' (Table 1) .
Visual clarity (or its proxy -turbidity) is usually considered an aesthetic concern, but, in developing this index,
we have been reminded that visual clarity of waters also relates to safety concerns with turbid (low clarity) waters.
There is a case to be made for including also a rating of trash in and near bathing waters. Unsightly trash affects aesthetic quality, but additionally, restricted visual clarity combined with trash may mask some submerged items (e.g., broken glass, steel items, construction garbage) so presenting an increased hazard to bathers. In New Zealand a series of at least 100 E. coli analyses over 5 years, including any high runoff events intercepted by chance, is used to classify recreational sites (NZME ). Such long-term monitoring quantifies the water's long term characteristics at a particular site, as well as providing information on the influence of events that may Table 1 ) may raise doubts in bathers, who probably wish to know, simply, whether or not bathing in the water is recommended. However, the reality is that, for most water quality variables affecting bathing, there is no clear threshold, and suitability-for-use declines gradually and monotonically as indicators such as turbidity or faecal pollution increase (Figures 1-3) .
In order to apply the proposed index, adoption of a gui- A minimum operator, that is, the suitability-for-use of the most limiting variable, is recommended be taken as the overall index value because of its important advantages over indexes in which variables are aggregated (Smith , ) . First, the minimum operator identifies the most limiting variable. Second, the minimum operator avoids the 'eclipsing'
(or masking) of one (unfavourable) variable by others, which improves the safety and aesthetic assessment of water quality for quality-sensitive uses, such as contact recreation. Third, the minimum operator avoids the need to decide on relative importance (and hence weightings) of different variables,
